Abstract TLR4 is transmembrane pattern-recognition receptor that initiates signals in response to diverse pathogen-associated molecular patterns especially LPS. Recently, there have been an increasing number of studies about the role of TLRs in the pathogenesis of several disorders as well as the therapeutic potential of TLR intervention in such diseases. Peroxisome proliferator-activated receptorgamma (PPARc) is a ligand-activated transcription factor with numerous biological effects. PPARc has been shown to exert a potential anti-inflammatory effect through suppression of TLR4-mediated inflammation. Therefore, PPARc agonists may have a potential to combat inflammatory conditions in pathologic states. The current study aims to show the decrease of inflammation by overexpression of PPARc in a cell reporter model. To reach this goal, recombinant pBudCE4.1 (?) containing encoding sequences of human TLR4 and MD2 was constructed and used to transfect HEK cells. Subsequently, inflammation was induced by LPS treatment as control group. In the treatment group, overexpression of PPARc prior to inflammation was performed and the expression of inflammatory markers was assessed in this condition. The expression of inflammatory markers (TNFa and iNOS) was defined by quantitative real time PCR and the amount of phosphorylated NF-jB was measured by western blot. Data indicated expression of TNFa and iNOS increased in LPS induced inflammation of stably transformed HEK cells with MD2 and TLR4. In this cell reporter model overexpression of PPARc dramatically prevented LPSinduced inflammation through the blocking of TLR4/ NF-jB signaling. PPARc was shown to negatively regulate TLR4 activity and therefore exerts its antiinflammatory action against LPS induced inflammation.
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Keywords HEK Á Inflammation Á MD2 Á PPARc Á TLR4 Kawai and Akira 2007) . TLRs were primarily discovered as mammalian homologues of the Drosophila membrane protein, Toll, as a crucial factor for embryonic development and host defense against fungi in adult flies (Hashimoto et al. 1988; Lemaitre et al. 1996) . Following description of Drosophila Toll in host defense against infection, a mammalian homologue was discovered (Medzhitov et al. 1997) . Then, a family of proteins structurally relevant to Drosophila Toll was identified, concertedly referred as TLRs (Kawai and Akira 2006) . Like Drosophila Toll, human Toll is a type I transmembrane protein with an extracellular domain containing of a leucine-rich repeat (LRR) domain and a cytoplasmic domain homologous to the cytoplasmic domain of the human interleukin (IL)-1 receptor (Wasserman 1993; Hultmark 2006; Belvin and Anderson 1996) . One of the members of TLR family is TLR4 which detects lipopolysaccharide (LPS) of gram-negative bacteria.
Hence it is important for the activation of the host innate immune system (Poltorak et al. 1998; Qureshi et al. 1999; Hoshino et al. 1999; Chow et al. 1999; Shimazu et al. 1999 ). Miyake's group reported an association between myeloid differentiation protein 2 (MD2) with TLR4 which was required for TLR4-mediated LPS-signaling (Wakabayashi et al. 2006) . MD2 is an extracellular adaptor protein, associates with the extracellular domain of TLR4 and is indispensable for LPS recognition by TLR4 (Nagai et al. 2002; Schromm et al. 2001; Miyake et al. 2000; Vabulas et al. 2002) . The binding of exogenous (e.g. LPS) or endogenous (e.g. members of heat shock protein family and proteoglycans) ligands to TLR4 activates NF-jB signaling pathway and then expression of pro-inflammatory cytokines such as TNF-a, IL-1 b, iNOS and IL-6TLR4 (Tsan and Gao 2004; Kitaoka et al. 2007; Okun et al. 2009 ). TLR4 has been examined mostly for its broad contribution to immune-related disorders. Evidences suggest that TLR4 not only contributes to cellular pathophysiology, but also plays a vital role in facilitating neurodegenerative diseases such as ischemic stroke, Alzheimer's disease and multiple sclerosis (Lanza et al. 2013 ). However, most of the evidence for role of TLR4 is observational, and little is known about its molecular mechanism. Peroxisome proliferator-activated receptor-gamma (PPARc) is a ligand-activated transcription factor with numerous biological effects. It also exerts a potential anti-inflammatory effect by suppressing TLR4-mediated inflammation Jung et al. 2012; Ji et al. 2011; Zhao et al. 2011; Wang et al. 2011; Zhang et al. 2010; Ji et al. 2009; Necela et al. 2008; Yin et al. 2013 Yin et al. , 2014 .
In the present study, to clarify whether anti-inflammatory effect of PPARc is mediated through TLR4 receptor inhibition, we designed a reporter model cell. At the first step, human coding sequence (CDS) of TLR4 and MD2 were cloned in one vector. This vector was stably inserted to human embryonic kidney (HEK) cell line. By generating such reporter cell, we assessed the direct response of TLR4 to LPS. Furthermore, we transiently transfected an expression vector encoding EGFP-PPARc in these reporter cells prior to induction of inflammation by LPS. Data have shown that PPARc could effectively attenuate the inflammatory condition. This approach facilitates the functionality assessment of TLR4 in further studies using numerous therapeutically molecules to inhibit the progress of inflammation and neurodegenerative diseases.
Materials and methods
Construction of recombinant pBudCE4.1 (?) containing CDS of human TLR4 and MD2
Oligodendrocyte precursor cells (OPCs) were provided by the Royan Institute for Stem Cell Biology and Technology (Tehran, Iran). Total RNA was extracted from OPCs using RNA extraction kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol. Then, cDNA was constructed (Thermo Scientific, Waltham, MA, USA) with random hexamers according to the manufacturer's protocol. In order to amplify CDS of TLR4 and MD2, two set of primers were designated based on the sequence data for CDS of TLR4 and MD2 (NCBI ; Table 1A ) and ordered through Bioneer Company (Daejeon, Korea). Human MD2 and TLR4 CDS were amplified by PCR reactions using OPCs derived cDNA as the template and Dream Taq DNA polymerase (Thermo Scientific). Amplifications of DNA fragments encompassing of TLR4 CDS with the length of 2532 bp were carried out using the specific primers (Fig. 1A, B) under the following conditions: initial denaturation at 95°C for 5 min, 25 cycles of 95°C for 1 min, 72°C for 1 min and 72°C for 2 min, and a final extension for 10 min at 72°C. For amplification of 532 bp DNA fragment containing MD2 CDS (Fig. 1F , G), a specific prime pair was used under aforementioned conditions. Both of PCR products were extracted from agarose gel using gel extraction kit (Qiagen) to remove excess primers and templates. The purified products were inserted into pTZ57/R cloning vector (Thermo Scientific) according to the manufacturer's protocol (Fig. 1C,  H) . The recombinant vectors were transformed into Ecoli DH5a competent cells. Plasmid extraction was carried out on selected positive colonies by Qiagen Miniprep Kit (Qiagen) and were sent for sequencing (Metabion International, Planegg/Steinkirchen, Germany) to ensure the accurate cloning of CDS of TLR4 and MD2 without any undesired mutation (Fig. 1D, I ). In order to construct a recombinant pBudCE4.1 vector expressing TLR4 under the control of human elongation factor 1a-subunit (EF-1a) promoter, the recombinant pTZ57/TLR4 plasmid was double digested with KpnI and XhoI (Thermo Scientific; Fig. 1E ). To generate pBudCE4.1-TLR4, KpnI-TLR4 CDS-XhoI fragment was inserted into the same sites in pBudCE4.1 vector ( Fig. 1K ) using DNA ligation kit (TaKaRa, Otsu, Shiga, Japan). At the next step, this recombinant pTZ57/MD2 plasmid was double digested with HindIII and salI (Thermo Scientific) (Fig. 1J ). Purified HindIII-MD2 CDS-SalI was substituted into the same sites in pBudCE4.1-TLR4 (Fig. 1L ). The latter generated recombinant vector was named pBudCE4.1-TLR4-MD2 (Fig. 1L ). , 100 lg/mL penicillin (Gibco) and 100 lg/mL streptomycin (Gibco). Cell culture incubation was performed in a humidified atmosphere of 5 % CO 2 at 37°C. Approximately, 6.25 9 10 5 cells were passaged in each well of six-well plate dish 1 day prior to the transfection. Transfection was carried on the cells with lipofectamine LTX reagent (Invitrogen, Carlsbad, CA, USA) using each of pBudCE4.1-TLR4-MD2, pBudCE4.1-TLR4 or pBudCE4.1 (as Mock) (Fig. 1M ).
Isolation of a stable HEK cell line expressing TLR4 and TLR4/MD2
Two days post-transfection, cells were treated with 60 lg/mL Zeocin (Invitrogen) for 2 weeks. Emerged colonies were isolated for further screening by RT-PCR to confirm the presence of TLR4 and MD2 expression. Limiting dilution was performed to isolate homogenous stable cell line in terms of TLR4 and MD2 expression. HEK cells which were stably transformed with pBudCE4.1 were nominated Mock cells. Those cells which were stably transfected with pBudCE4.1-TLR4 were labeled as HEK/TLR4 cells and stably transformed cells expressing both TLR4 and MD2 were termed HEK/TLR4/MD2.
Reconstitution of TLR4-mediated cellular activation upon LPS induced inflammation
Following isolation of cell lines, expression of TLR4 and MD2 was examined by RT-PCR on RNAs extracted from the cell. Then to evaluate the functionality of the TLR4, LPS induced inflammation strategy was implemented. To carry out this experiment, effective concentration of LPS was determined by the MTS assay. Different concentrations of LPS (Santa Cruz Biotech, Santa Cruz, CA, USA) were dissolved in water. MTS assay was carried out with adding 20 lL of [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium)/phenazine methosulfate] (MTS/PMS, Promega, Madison, WI, USA) solution to the culture medium. The absorbance of viable cell samples was measured at 490 nm after 3 h incubation by an ELISA reader (Awareness Technology, Palm City, FL, USA) as described (Peymani et al. 2013) .The effective concentration of LPS (1 lg/mL) was selected for further experiments as reported by Chow et al. (1999) . Cells were treated with LPS for 24 h, and then cells were harvested for expression analysis of two target genes, iNOS and TNFa by quantitative real time PCR analysis and Western blot analysis for NFjB.
RT-PCR and quantitative real time PCR for quantification of gene expression Total RNA was extracted from transfected HEK293T cells according to the protocol using TRizol reagent (Invitrogen) based on manufacturer instruction. Approximately, 1 lg of total RNA was used to synthesize cDNA by Revert Aid First Strand cDNA synthesis Kit which was purchased from Thermo Scientific utilizing random hexamer primers. Final step of RT-PCR was completed with the specifically designed primers for TLR4 and MD2, iNOS and TNFa CDSs (Table 1A) . The primers were ordered from Bioneer Company. PCR products were electrophoresed in 1 % agarose gel containing ethidium-bromide and bands were visualized with UV light (Uvico, Rapp Optoelectronic, Hamburg, Germany). Quantitative real time PCR was carried out using specific primer pairs (Table 1B) Sigma-Aldrich). Omission of primary antibody was used as a control for all markers. The cells were analyzed with a fluorescentmicroscope (Olympus, Tokyo, Japan) and images were acquired with an Olympus D70 camera (Olympus).
To perform immunoblotting, cells were lysed with TRizol reagent according to the manufacturer's protocol. A solubilized protein fraction of each sample (30 lg) was subjected to SDS-PAGE electrophoresis and transferred to polyvinylidenedifluoride (PVDF) membranes. After blocking with 5 % skim milk, membranes were labeled with rabbit polyclonal antibody against phosphorylated NFrB p65 (Abcam, dilution 1:2000), mouse anti-GAPDH antibody (Santa Cruz, dilution 1:5000), then membranes were treated with horseradish peroxidase (HRP)-conjugated goat anti rabbit (Dako, Carpinteria, CA, USA, dilution 1:16000) and goat anti-mouse IgG (Dako, dilution 1:5000) respectively. HRP-conjugated IgG bound to each protein band was visualized by an Amersham ECL Advanced Western Blotting Detection Kit (GE Healthcare, Pittsburgh, PA, USA).
Statistical analysis
Microsoft Excel (2007) and SPSS (version 17) were used to express data as mean ± SEM obtained from three independent treatments of replicated observations. One-way analysis of variance (ANOVA) was performed to identify statistical differences between treatments, which were considered to be significant at p \ 0.05 ( * ).
Results

Ectopic expression of TLR and TLR/MD2 CDS in HEK cells
As depicted in Fig. 1 and described in materials and methods, several sets of PCR were carried out using designated primer pairs for amplification of human TLR4 and MD2 CDS. Amplified fragments were extracted from agarose gel and inserted into pTZ59R/ T vector and sent for sequencing (Fig. 1A-J) . Results of sequences showed 100 % identity to MD2 and TLR4 CDS (Data not shown). In the next stage TLR4 CDS was subcloned into pBudCE4.1 vector under regulation of EF1a promoter which resulted in generation of pBudCE4.1-TLR4 (Fig. 1K) . Next, MD2 CDS was subcloned into pBudCE4.1-TLR4 under regulation of CMV promoter. Hence, the new recombinant vector, pBudCE4.1-TLR4-MD2 encompassed two expression cassettes for simultaneous expression of MD2 and TLR4 proteins (Fig. 1L) .
Recombinant vectors (pBudCE4.1-TLR4; TLR4 and pBudCE4.1-TLR4-MD2; TLR4/MD2) were transfected along with the pBudCE4.1 into the HEK cells (Mock) separately. Transfected cells were further expanded for colony formation under antibiotic treatment (Fig. 1M, N) . Numerous resistant colonies were grown and finally among ten isolated colonies (Mock, TLR4, and TLR4/MD2), one colony with higher expression of the insert was selected for further experiments (Data not shown). RT-PCR data showed high expression level of MD2 in TLR4/MD2 cells (Fig. 2b, lane 4) and TLR4 in both TLR4 and TLR4/ MD2 cells (Fig. 2a, lanes 3, 4) . Meanwhile, a faint product band was observed for MD2 in Mock and untransfected and TLR4 cells (Fig. 2b, lanes 1-3) , indicating a basal level of MD2 transcription in HEK cells.
Quantitative real-time PCR confirmed the data obtained by RT-PCR (Fig. 2d) . Furthermore, indirect immunofluorescence staining indicated a vast range of TLR4 expression in TLR4/MD2 (Fig. 2c, right panel) and TLR4 cells (Data not shown) dissimilar to those observed in untransfected HEK (Fig. 2c, left panel) and Mock cells (Data not shown).These results confirmed the RT-PCR data indicating a reasonable production of ectopic TLR4 in transfected cells. To estimate the effective amount of LPS required for induction of TLR4-mediated cellular responses, TLR4/ MD2 cell viability assessment was carried out following treatment with several concentrations of LPS (0-30 lg/ mL). MTS results revealed that LPS significantly decreased cell viability at concentration of 1 lg/mL. Interestingly higher amounts of LPS could actually inhibit this system (Fig. 3) . Therefore, experiments were carried out with 1 lg/mL of LPS. As depicted in Fig. 4a , LPS treatment increased expression of NFjB, a key regulator of immune responses inTLR4/MD2 cells (Fig. 4b, lane  2) . Such induction was not observed in Mock and untransfecetd cells and even in TLR4 cells (Fig. 4b , lane 3) thereby, demonstrating that endogenous levels of MD2 in HEK cells are not sufficient to trigger TLR4-mediated cellular responses to LPS treatment. To further explore NFjB ability as rapid-acting primary transcription factor through the exogenous TLR4 in TLR4/MD2 cells, the relative expression of two target genes, iNOS and TNFa was quantified by real time PCR analysis. Data indicated increased expression of these factors in TLR4/MD2 cells compared to the Mock and TLR4 cells under treatment of LPS (Fig. 4c) . These results indicated that expression of human TLR4 and MD2 was sufficient for the activation of the TLR4 by LPS in HEK cells.
Ectopic expression of PPARc efficiently attenuated the LPS induced inflammation
As described in materials and methods, pEGFP-C1/ EGFP-PPARc was used for transfection of HEK/ TLR4/MD2 cells. Transfection efficiency was estimated by direct observation of green fluorescent cells which were around 70 % (Fig. 5) . Transiently EGFPPPARc expressing cells were treated with LPS (1 lg/ mL) (Fig. 6a) . As indicated in Fig. 6b , PPARc attenuated activation of NF-jB compared to untransfected cells. This observation was confirmed by quantitative analysis of transcript levels of two target genes (iNOS and TNFa) of NF-jB. A decrease in transcription of iNOS and TNFa was evident in transfected cells under inflammatory condition in comparison with untransfected cells (Fig. 6c) . 
Discussion
In this study, we have established a HEK stable cell line (HEK/TLR4/MD2) as an appropriate model to study inflammation, which could be used to study the enormous therapeutic approaches to inhibit the progress of inflammation especially in neurodegenerative diseases. Since HEK cells do not express endogenous TLR4 (Muta and Takeshige 2001) , therefore this system would be helpful to assess the direct stimulation of TLR4 mediated signaling without interplaying with other molecules that may mediate the signaling in LPS-responsive cells. Our established system is similar to those previously published (Yang et al. 2000; Latz et al. 2002) . Here we showed that the endogenous amount of MD2 is not adequate for TLR4-mediated cellular responses. Therefore, coexpression of both TLR4 and MD-2 is required for triggering the cellular responses against LPS to augment the MAP kinase pathways, Elk-1 stimulation, and IL-8 generation (Yang et al. 2000) . Nuclear translocation of activated NF-jB mediates the increased transcription levels of a vast range of proteins involved in cell survival, proliferation, inflammatory response, and anti-apoptotic factors. Here we showed upregulated in expression of two target genes of NF-jB in TLR4/MD2 cells but not in TLR4 cells. This striking difference reflects the different approach which was used in our study to generate a stable cell line. In our study we compared TLR4/MD2 cells with TLR4 cells and both cells were isolated after stable transfection of MD2 and TLR4 expression vectors. Previous studies were performed using 2 vectors for co-transfection of MD2 and TLR4 (Muta and Takeshige 2001) , whereas our study was carried out with only one recombinant pBudCE4.1 (?) containing both CDS of TLR4 and MD2. Our results indicated that stable expression of human TLR4 and MD2 is sufficient for the activation of the TLR4 in the HEK cells through LPS. The reconstitution system we have established, allows a direct and extensive comparison of the responses of TLR4 to LPS. Numerous studies have indicated ameliorating properties of PPARc in LPS-induced inflammatory conditions in a variety of cells (Zhang et al. 2010 and Jung et al. 2012; Ji et al. 2009 and Zhao et al. 2011; Wang et al. 2011; Necela et al. 2008; Yin et al. 2013 Yin et al. , 2014 . To clarify whether anti-inflammatory effects of PPARc are mediated via TLR4 receptor inhibition, we implemented such reporter cell. This cell reporter system enabled us to examine this phenomenon without interfering undesired cellular components. Previous studies have indicated suppressive property of PPARc on NF-jB in various tissues (Sasaki et al. 2005; Chen et al. 2003; Remels et al. 2009 ). One suggestive mechanism is inhibition of the IrB kinases (Sasaki et al. 2005 ). An alternative mechanism is phosphorylation of PPARc which physically interacts with p65 and subsequently decreases the transcriptional activity of NF-jB (Chen et al. 2003) . Therefore, further experiments are required to define which mechanism mediates ameliorative effects of PPARc on inflammation.
Conclusion
Here we reported the establishment of a stable HEK cell line expressing both human TLR4 and MD2 proteins, which is suitable for monitoring the studies of inflammation status of the cells. The functionality of this system was approved by direct overexpression of PPARc which attenuated the LPS induced cellular inflammatory responses. This cell reporter model would be an ideal system to study the inflammatory responses involved in a variety of pathologic conditions. Moreover, it facilitates to understand how innate immune system triggers antipathogen signaling cascades.
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